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ABSTRACT 
 
Measurements of the frequency response of a prototype microphone turbulence screen in 
an anechoic room showed greater than expected ripple. Investigations showed that this was 
due to the residual reflections from the anechoic lining. Since it is necessary to reduce the 
effects of inverse square law over the 400 mm length of the microphone turbulence screen 
slit, the receiver could not be placed close to the source in order to reduce the relative level 
of the reflections as is done in free field microphone calibrations. Because the ripple is a 
function of frequency and receiver position, the ripple was reduced by averaging the 
frequency response of the microphone turbulence screen over eight different receiver 
positions. Previous in situ methods of evaluating the performance of the anechoic lining 
have measured the variation of level with receiver position. The availability of digitally 
controlled and measured frequency sweeps and the above measurements suggests that it 
may be easier to measure the ripple as a function of frequency rather than receiver position 
when evaluating an anechoic lining. This paper will present some preliminary 
measurements over frequency and compare them with earlier measurements over receiver 
position, with tone burst measurements and with impedance tube measurements. 
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INTRODUCTION 
 
Dr P. K. Baade of the USA is developing a new design of microphone turbulence screen to 
overcome known problems with the current Brüel and Kjær microphone turbulence screen. One 
of the design goals for the new screen is that it has a locally smooth frequency response. CSIRO 
agreed to measure the frequency response of a prototype screen manufactured by Dr Baade in its 
anechoic room at Highett in Melbourne, Victoria. The lining and initial testing of this anechoic 
room is described in [1]. Impedance tube measurements were made on four wedges from 50 to 
250 Hz and on one wedge from 50 Hz to 800 Hz. Tone burst measurements were conducted 
from 2 to 10 kHz and inverse square law measurements were carried out from 31.5 Hz to 10 
kHz. Later, the author [2] carried out measurements using the technique of Kuttruff and 
Bruchmüller [3, 4] in the 40 Hz to 20 kHz range. The author [2] also estimated the reflection 
factor of the lining from one of the inverse square law traverses using a modification of the 
method proposed by Diestel [5, 6]. All these measurements indicated that the anechoic room was 
anechoic from 100 Hz to 20 kHz and possibly down to 55 Hz. 
Thus it was surprising when initial measurements of microphone turbulence screen 
frequency response showed unexpected ripples of up to 3 or 4 dB peak to peak. The frequency 
response was measured in two different ways. In the first method, the frequency responses of the 
reference microphone and the turbulence screen were measured simultaneously with a dual 
channel analyser by placing the reference microphone close to the turbulence screen. This 
removes variations in the sound source with time. In the second method, frequency response of 
the reference microphone is measured before or after that of the turbulence screen, by removing 
the turbulence screen and placing the microphone where the centre of the turbulence screen slit 
would normally be positioned. The same microphone and analyser channel is used for the 
turbulence screen and reference microphone. Surprisingly these two methods produced different 
measured microphone turbulence screen responses. Both swept sine and Fast Fourier Transforms 
(FFT) were used to determine the frequency responses. After frequency resolution issues were 
sorted out, the swept sine and FFT measurements agreed for the same experimental setup. 
 
EXPLAINING AND OVERCOMING THE DIFFERENCES 
 
Why did the two methods give different results, and was the ripple due to the turbulence screen? 
A room is said to be anechoic if its lining reflects less than 1% of the incident sound energy. 
Because the sound energy is proportional to the square of the sound pressure, an anechoic room 
lining must reflect less than 10% of the incident sound pressure. If a 10% reflected sound 
pressure is in phase with the incident sound pressure, the total sound pressure is increased by 1 
dB. If it is 180° out of phase, it reduces the total sound pressure by 1 dB. A rectangular 
parallelepiped room has 6 primary image sources, but they are all further from the receiver than 
the real source and their contribution is reduced by inverse square law. Free field microphone 
calibration takes advantage of the inverse square law by placing the source and receiver fairly 
close together in the centre of the anechoic room. It also reduces the effect of the reflections and 
the uncertainty of where the acoustic centres are positioned by averaging over a number of 
source and receiver spacings. Because microphone turbulence screen slits are 400 mm long, ISO 
5136 [7] attempts to reduce the variation of sound pressure due to inverse square law along the 
length of the slit when the turbulence screen frequency response is being measured in an 
anechoic room. It does this by requiring that the minimum distance between the turbulence 
screen and the sound source shall be 3 m. The working space of the CSIRO Highett anechoic 
room is 5 m long by 4 m wide by 4 m high. Thus both the sound source and the turbulence 
screen have to be fairly close to the anechoic lining. Thus it is not surprising that ripple of 3 to 4 
dB peak to peak was observed. 
For normal microphone or sound source comparative calibrations, the sound sources and 
receivers can be put in essentially the same positions and the effects of the reflections are 
cancelled out. However this is not the case with a microphone turbulence screen which averages 
over 400 mm, while the reference microphone samples at essentially a point location. The 
reflections also cause measurement problems if deep nulls have to be measured in certain 
directions from the source or the receiver. A survey of positions approximately 3 m from the 
sound source with two microphones placed 183 mm apart failed to find any positions where the 
ripple in the relative frequency response of the two microphones when in line with the centre of 
the sound source was significantly less than 2 dB peak to peak. Because of this observation, the 
ripple in the measured frequency response was reduced by averaging over eight different 
positions of the microphone turbulence screen in the anechoic room. 
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Fig. 1. Reflection factor determined using different methods. 
 
IN-SITU MEASUREMENT OF REFLECTION FACTOR 
 
The previous in-situ measurements of the reflection factor of anechoic room linings mentioned 
above used tone bursts at high frequencies or varied the microphone position. Since the effect of 
the reflections varies with both position and frequency, the results described above suggest that 
variation over frequency could also be used to determine the reflection factor. The availability of 
modern digital instruments which can determine the relative frequency response of two 
microphones with a fine frequency resolution using swept sine or FFT measurements makes 
these frequency variations much easier to carry out than position variations. The modern digital 
instruments can save the results on a floppy diskette for easy transfer to a personal computer for 
further data analysis on a spreadsheet. 
Diestel’s theory [5, 6] shows that the standard deviation of the relative frequency 
response of the sound pressure level in decibels between two different positions in an anechoic 
room at distances r1 and r2 from a single point sound source is 
 
  sd(L) = 20 log10(e) R √[(r12 + r22) 8 pi / S],    (1) 
 
where R is the reflection factor of the lining and S is the surface area of working space of the 
anechoic room. The surface area of the working space of the CSIRO Highett anechoic room is 
112 m2. Assuming distances of 3 and 3.4 m and a reflection factor of 0.1, the standard deviation 
sd(L) is 1.9 dB. Since the variation is roughly sinusoidal, the expected peak to peak variation 
would be approximately 2√2 times sd(L) which equals 5.3 dB. Thus the 3 to 4 dB range 
mentioned above should not be surprising. 
The relative frequency response in decibels between two microphones spaced 183 mm 
apart was measured at 401 frequencies which were equally spaced on a logarithmic frequency 
scale from 50 Hz to 10 kHz. The standard deviation of the relative frequency response was 
calculated across the 41 measurement frequencies centred about the 21st, 61st, 101st, … ,381st 
frequencies. Equation (1) was inverted and used to convert the ten standard deviations to ten 
reflection factors R. Measurements were made at eight different positions ranging in distance 
from 2.22 to 3.8 m from the sound source. The root mean square (rms) value of the reflection 
factors across the eight microphone positions was calculated. These rms values are plotted in 
Fig. 1 and identified by “Frequency” since they were obtained from the variation over frequency. 
The values are compared with values calculated from inverse square law measurements 
(Inverse Sq.) [1, 2] using Diestel’s [5, 6] theory. Also shown on Fig. 1 are values obtained from 
“Tone Burst” echoes [1]. These values are for the floor wedges which have a wire support net 
above them. Lower values were obtained for wall wedges which have support wires 200 mm 
behind their tips and slightly lower again for the ceiling wedges which have no support wires. 
Values obtained using Kuttruff and Bruchmüller’s method [3, 4] with a mid frequency source are 
identified as “Position” since they were obtained by varying the position of the microphone 
around a circular traverse [2]. These values have been multiplied by 1.52/1.94 in order to convert 
from Kuttruff and Bruchmüller’s theory to Diestel’s theory which was used for most of the other 
results. Also shown are the “Normal” incidence reflection factors determined using an 
impedance tube containing a single anechoic wedge. 
 
CONCLUSIONS 
 
Preliminary measurements of reflection factor using variation over frequency agree reasonably 
well with measurements using variation over receiver position and with measurements using 
tone bursts. However, the measurement using variation over frequency in the 100 Hz region is 
too low because the microphone spacing of 183 mm is too small in this frequency range. 
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